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Abstract
In summer 2016, we investigated Ostrovtsovskaya Lesostep’ (Penza region, Russia)
and caught more than 130 specimens belonging to 4 species of anuran amphibians.
We found a symmetric case of “hyperxanthism” of the eyes (a new type of anomaly
among amphibians) in one Rana arvalis specimen, one asymmetric amely in Bombina
bombina, and 21 specimens of Pelophylax ridibundus (19% of total sample) with
deformed fore and hind limbs. We deﬁne some anomalies as “Rostand’s anomaly P”
(in its extreme manifestations). The potential reasons of the morphological anomalies
were discussed.
Keywords: amphibians, eyes hyperxanthism, amely, mandibular hypoplasy, oedema
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1. Introduction
Anomalies are very common in amphibians and they can be caused by different rea-
sons, such as water chemistry, pH, parasites, inbreeding, etc. [3, 8]. The occurrence
of anomalies may serve as an indicator of homeostasis of natural populations [2].
This concerns mass cases of anomalies occurring in more than 5% of individuals from
representative samples. Such situations are less common, and may also be caused by
various reasons [2]. However, their appearance can be an alarm signal associated with
various processes within a population. In this paper, we discuss the possible reasons
for numerous anomalies of amphibians and one of the ﬁrst cases of mass occurrence
of anomaly P in pure populations of marsh frogs from the Russian Federation.
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2. Methods
The study was held from June to August, 2016 in the Privolzhskaya Lesostep’ nature
reserve (Russian Federation). We investigated the part of the reserve called Ostro-
vtsovskaya Lesostep’, which is located in Kolyshley district of Penza region
(N52∘48’58.4” E44∘27’40.4”). The territory has forest-steppe landscapes and includes
the valley of the small river Selimutka (width about 1–2 m, depth 0.3–1 m) and its
tributary Yuzhnaya (width about 0.5–1 m, depth 0.3–0.5 m), which is surrounded by
agricultural ﬁelds. The rivers are inhabited by beavers, so most of the streams are
impounded. The area of ponds varies from 400 to about 8000 m2 with depths up
to 2 m. Besides the water regime, beavers affect the level of dissolved oxygen – in
ponds, it amounts decrease to 1 –2 mg/l. In the upper parts of these rivers, there are
anthropogenic dams and some old artiﬁcial reservoirs. The reserve borders with the
upper ﬂow of the Khoper River (the width here is just 10 – 15 m). Also, there is the
oxbow system of the Khoper, which consists of two main parts – “forest” and “open”.
The forest part consists of waterbodies in the centre of mixed forest: they never dry,
have ﬁsh fauna and are used by a couple of beaver families. Open oxbows are situated
on the edge of the forest and are partly surrounded by meadows, shrubs and ﬁelds:
during some years, they are dry.
Sample collection and species identiﬁcation were conducted using standard meth-
ods [1, 4], as were the registration and classiﬁcation of anomalies [5, 6]. 129 individuals
from 4 anuran amphibian species were caught.
3. Results
In Ostrovtsovskaya Lesostep, we found 6 amphibian species – Lissotriton vulgaris (Lin-
naeus, 1758), Bombina bombina (Linnaeus, 1761), Pelobates vespertinus (Pallas, 1771),
Pelophylax ridibundus (Pallas, 1771) and Rana arvalis (Nilsson, 1842). Anomalies were
found only in Anura species. The most types of anomalies were found in Pelophylax
ridibundus (Table 1): the other species had only one. For Rana arvalis, a new form of
anomalywas discovered (Fig. 1). We call it “hyperxanthism of the eyes”. Also, we found
several forms of polydactyly/polyphalangy (P. ridibundus), mandibular hypoplasy (P.
ridibundus), asymmetric amely (B. bombina) and oedema of the eyes (larvae of Pelo-
bates vespertinus) (Fig. 2). Anomaly P was recorded for 5 individuals (3 larvae and 2
juveniles) (Fig. 3), one of the ﬁrst pieces of evidence for the mass occurrence of such
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an anomaly in Russia and a unique case for pure populations of the marsh frog and
population systems of R-types [3, 4].
Also we have noted the unusual behavior of spadefoot toad tadpoles. During the
taking of air, they began to spin; some kept at the surface and unsuccessfully trying to
dive to the bottom, making circular motions.
Table 1: Anomalies of P. ridibundus of Privolzhskaya Lesostep nature reserve (S – Selimutka, BP – beaver
ponds, AP – anthropogenic ponds, K – Khoper, OO – open oxbows, FO – forest oxbows; HL – hindlimbs, FL –
forelimbs, the number of phalanges or ﬁngers is shown in parentheses; l. – tadpoles; juv. – froglets; sad.
– subadultus; ad. – adultus).
Site Amount of samples Anomalies (amount of ﬁngers)
Total With anomalies
OO 5 l. 1 l., 1 l. anomaly P
50 juv. 3 juv., 2 juv. polydactyly HL (6)
10 sad. 5 sad. 1 juv. mandibular hypoplasy
5 ad. 1 sad. brachydactyly + polydactyly (6) +
polyphalangy (2) HL
3 sad. polydactyly (6) and polyphalangy (2) HL
1 sad. polydactyly (6) HL + polyphalangy (5) FL
FO 2 l. 2 l. 1 juv. polydactyly HL (6)
9 juv. 6 juv. 1 juv. polydactyly HL (7) + polyphalangy FL (5)
1 sad. 3 juv. anomaly “cross”
2 ad. 1 juv.+ 2 l. anomaly P
BP 2 juv. 2 juv. 1 juv. polydactyly HL (6 )
1 juv. polydactyly HL (6) + polyphalangy FL (5) +
anomaly P
S 7 juv. 2 juv. 1 juv. polydactyly HL (6)
2 sad. 1 juv. polydactyly HL (6) + polyphalangy FL (5)
K 8 juv. – – –
1 sad.
3 ad.
AP 3 ad. – – –
Total 7 l., 76 juv., 14
sad., 13 ad.
3 l., 13 juv., 5 sad. (21 from 110, 19.1%)
One of the reasons for these anomalies could be chemical pollution. In May and
August, the amount of biogenic elements was measured in all types of habitat. During
this period, the concentrations of phosphates increased about twice (from 6.17–7.89
to 10.11–16.74 mg/l, threshold limit value (TLV) is 3.5). Obviously, this is connected
with anthropogenic activities and the fertilization of nearby ﬁelds. Another important
observation is the large concentrations of nitrites (up to 3.56–5.14 mg/l with TLV –
3.3) and ammonia (up to 2.39–8.29 mg/l with TLV – 2). High amounts of NO2−, along
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Figure 1: The hyperxanthism of the eyes in Rana arvalis is a new type of anomalies among amphibians.
Figure 2: Anomalies of amphibians in “Privolzhskaya Lesostep’” nature reserve (a – amely of Bobmina
bombina; b – mandibular hypoplasy of Pelophylax ridibundus; c - oedema of the Pelobates vespertinus
larvae eyes; d – anomaly “cross” in the Pelophylax ridibundus juveniles; and the cases of polydactyly and
polyphalangy of the forelimbs (e) and hindlims (f and g) in Pelophylax ridibundus).
with small NO3−concentrations, show that a lot of organic matter does not reach ﬁnal
mineralization.
4. Conclusion
In forest-steppe landscapes, waterbodies are usually surrounded by a lot of agricultural
landscapes, so anthropogenic pollution and fertilization easily drains into them. Since
almost all the oxbows are framed by road embankments and dams, meltwater could
not reach the main river, causing the spring ﬂoods to be too low to ﬁll the oxbows. This
situation led to the accumulation of old water and dead organic matter in such pools.
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Figure 3: The cases of Rostand’s anomaly P in Pelophylax ridibundus.
The aquatic habitats are also densely populated by beavers, which heavily inﬂuence
the water quality.
As for anomaly P, Jean Rostand experimentally showed that such deviations proba-
bly were caused by an infectious agent that could be teratogenic virus transmitted by
ﬁsh or any components of their diet [3, 4, 7]. Perhaps the manifestation of anomaly P
is enhanced by the combined effect of some agrochemicals and the infectious agent
that could explain its rare occurrence in Europe [4].
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